This paper presents a study of household gambling consumption in Thailand in 2011. We investigate the nonlinear relationships between this behavior and household alcohol expenditure, household gambling expenditure, and demographic factors. We use Treenet to analyze datasets drawn from a socio-economic survey of 42,083 Thai households conducted in 2011. The results show that the five most significant variables in order of importance for predicting the likelihood of household gambling consumption are household income, household region, work status of the household head, religion of the household head, and age of the household head. In summary, the Treenet results suggest that the likelihood of gambling consumption was higher for households with an income of more than 25,000 Bahts per year, a location in the North, a Buddhist head of household, a head with active work status, a head between 35 and 55 years old, with household expenditure spent on alcohol consumed at home of more than 500 Bahts, with household expenditure spent on tobacco of more than 100 Bahts, and a head of household with less education.
Introduction
Gambling in Thailand involves many kinds of sources including the lottery, illegal lotteries, illegal casinos, and gambling on sports such as football (i.e., soccer), horse racing, and boxing. In terms of spending, a paper from the Thai Center for Gambling Studies (2015) estimates that around 370 billion Bahts circulated for both legal and illegal gambling activities in Thailand during the period of October 2014 to September 2015 (www.gamblingstudy-th.org). Gambling can cause social problems including depression, suicide, lost work or study time, and economic problems that necessitate public support programs (Madhusudhan, 1996; Szakmary & Szakmary, 1995) .
The literature includes several studies that investigate the association between the likelihood of household expenditure on gambling and socio-economic factors. In a study focusing on factors associated with household lottery expenditure across Canada, Kitchen and Powells (1991) showed that lottery expenditure increases as income increases; that lottery expenditure is significantly lower for households with female household heads; and that lottery expenditure declines as the head of household's educational level increases. Using a survey of household expenditure, Sawkins and Dickie (2002) investigated participation in and expenditure on the UK national lottery. They found that compared with all other demographic groups, those most likely to play the lottery are older males with only a basic school education who are in employment. Worthington et al. (2003) used regression modelling to predict gambling patterns in Australia based on a household expenditure survey with eight gambling categories. Their results show that age, ethnicity, and household composition each has a strong influence on the probability that a person will gamble, although the extent of the influence varies considerably across the gambling categories. Further, Tan et al. (2010) investigated factors associated with participation in gambling and expenditure in Malaysian households and found that non-Muslim households in Malaysia who are more likely to participate and spend more in gambling include Chinese, affluent, male-headed, older and non-white collars. According to the study, education and age play an important role in determining how likely Chinese households are to participate in gambling activity that is lower education and older population have higher likelihood to gamble. tobacco expenditure, and demographic factors. We apply Treenet to analyze datasets drawn from a socio-economic survey of 42,083 Thai households in 2011. Our objective is to determine the characteristics of the households that are most likely to engage in gambling activity in order to target such households in efforts to reduce gambling in Thailand.
In this study, we implement a new method that has never been used before in this context, i.e., Treenet. We use this method because it can reveal non-linear associations between responses and predictors, which can, in turn, show the actual shape of the relationship between the predictor and the response (i.e., household gambling consumption) and for the entire range of the predictor without a linear association being assumed. This approach provides a more in-depth investigation into gambling consumption than is the case with standard approaches such as Logistic regression. Moreover, we also include household expenditure on alcohol and household expenditure on tobacco in our analysis. Note that this study draws on Changpetch et al.'s (2016) research using Treenet to investigate alcohol consumption in Thailand.
Datasets
We used a dataset collected via a socio-economic survey of 42,083 Thai households in 2011. The survey showed that 45.82% of Thai households participated in gambling in 2011. The factors included in our analysis are shown in Table 1 . We used stratified two-stage sampling in the survey: our primary sampling units were blocks for municipal areas and villages for non-municipal areas, whereas our secondary sampling units were private households. 
Method: Treenet
In this section, we refine our understanding of household gambling consumption in the following way.
Specifically, we applied data-mining models, which capture non-linearities. To demonstrate the techniques, we applied Treenet models (www.salford-systems.com/treenet.html; Freedman (2001)). The non-parametric approach adopted here makes it possible to handle a response variable with a large number of zero values.
The model was used to analyze the relationships between household gambling consumption and the factors in Table 1 for the year 2011. The results of the Treenet analysis are shown in Table 2 and Figures 1-10. Note that Treenet derived the relative importance of the predictors (with the most important variable assigned an importance of 100 for reference), as shown in Table 2 . Figures 1-10 display partial effects of each predictor on the predicted response (with other predictors held constant). The vertical axis represents half the log odds of gambling consumption, i.e., 1/2*log(p/(1-p)), where p is the probability of gambling. The horizontal axis represents the value of the predictor. For simplicity, we used log odds to represent the vertical axis. The Treenet interpretation is based on a comparison of the relative values of log odds, i.e., the higher the value of the log odds the higher the probability or likelihood of gambling consumption. However, we cannot use the scale of the vertical axis to interpret the probability of gambling consumption, i.e., the zero value of the log odds, because Treenet does not imply that the probability of engaging in gambling is equal to the probability of not engaging in gambling. Table 2 shows in order of importance that the five most important variables for predicting the likelihood of household gambling consumption are household income, household region, the work status of the household head, the religion of the household head, and the age of the household head. Figure 1 . Household income and log odds of household gambling consumption Figure 1 shows an upward relationship between household income and the log odds of household tobacco consumption until income reaches 25,000 Bahts, then a constant trend after income of 25,000 Bahts. It suggests that the likelihood of gambling consumption is higher for households with an income of more than 25,000 Bahts per year. Figure 2 shows that households in the North region have the highest log odds followed by households in Bangkok. This result means that households in the North are most likely to engage in gambling followed by households in the Bangkok region. Figure 3 shows that households with a Buddhist head have the highest log odds, which means these households are most likely to engage in gambling. On the other hand, for households with a Muslim head showed the lowest log odds, which means that these households are least likely to engage in gambling. Figure 5 shows an upward linear relationship between the age of the household head and the log odds of household tobacco consumption until the age of 35 years and then a constant line until the age of approximately 55 years, followed by a downward trend after the age of approximately 55 years. This result implies that households with the heads of household aged between 35 and 55 are most likely to engage in gambling. Figure 6 . Amount of household debt and log odds of household gambling consumption. Figure 6 shows a convex shape for debt between zero and 250,000 Bahts, then constant log odds until 1,000,000 Bahts, and then scattered downward afterwards. . Household expenditure on alcohol consumed at home and log odds of household gambling consumption Figure 7 shows an upward relationship between household expenditure on alcohol consumed at home and the log odds ratio of household gambling consumption until about 500 Bahts, then two small increasing steps afterwards. Figure 8 . Household expenditure on tobacco and log odds of household gambling consumption Figure 8 shows an upward curvilinear relationship between household expenditure on tobacco and the log odds ratio of household tobacco consumption until 100 Bahts, then a constant trend with the exception of a shift up and down between the expenditure of 250 Bahts and 400 Bahts. Figure 9 . Household expenditure on alcohol consumed away from home and log odds of household gambling consumption Figure 9 shows an upward relationship between household expenditure on alcohol consumed away from home and the log odds of household tobacco consumption until the former is at about 500 Bahts, at which point there is a drop in the log odds. Figure 10 shows that the lower the educational level of the head of household the higher the log odds of household tobacco consumption.
Results
Note that we do not include plots for the number of households, marital status, government fund, area, sex, welfare, or disability, as these showed very little association with the likelihood of household gambling consumption.
Conclusion
This paper provides a thorough study of household gambling consumption in Thailand in regard to the nonlinear relationships between household alcohol expenditure, household tobacco expenditure, and demographic factors. We applied Treenet to explore predictors associated with the likelihood of household gambling consumption to the analysis of datasets drawn from a socio-economic survey of 42,083 Thai households in 2011.
The result shows that the five most important variables in order of importance for predicting the likelihood of household gambling consumption are household income, household region, work status of the household head, religion of the household head, and age of the household head.
In summary, the Treenet results suggest that the likelihood of gambling consumption is higher for households with an income of more than 25,000 Bahts per year (while results reported by Tan et al., 2010) suggesting that the likelihood of gambling increases as household income increases), located in the North, with a Buddhist head of household, a head of household with active work status (which is similar to results reported by Sawkins & Dickie, 2002) , with a head between 35 and 55 years old (while results reported by Sawkins & Dickie, 2002 and Tan et al., 2010) , which suggest that older age increases the likelihood of gambling), with household expenditure of more than 500 Bahts on alcohol consumed at home, with household expenditure of more than 100 Bahts on tobacco, and a head of household with a low level of education (in line with results reported by Sawkins & Dickie, 2002 and by Tan et al., 2010) .
In regard to gender, several studies have reported a negative association between female head of household and the likelihood of household gambling (Sawkins & Dickie, 2002; Tan et al., 2010) . However, our study shows that this factor is not important in gambling consumption in Thailand meaning: there was no significant difference in terms of gambling consumption between households with a male head and those with a female head.
With this study, we contribute to the literature by using the Treenet technique to explore the nonlinear relationship between gambling and predictors. If we assume a linear relationship and use the standard technique of logistic regression, the result reported in the appendix shows that income and age are both insignificant (the p-values for income and age are 0.426 and 0.364, respectively). On the other hand, the use of Treenet facilitates an exploration across household income levels and the age of the household head to establish which give rise to the greatest likelihood of household gambling consumption. Also, through the nonlinear technique, we can establish the age range, i.e., from 35 to 55 years old, and the income level, i.e. more than 25,000 Bahts, most associated with household gambling. These specific findings should be helpful to policy makers responsible for tailoring programs to households most dependent on gambling in order to reduce gambling consumption in Thailand. 
